A randomized crossover study in healthy young Japanese showed no significant effects of a 0.6% energy trans fatty acid (TFA) intake on the serum cholesterol concentrations and parameters of glucose metabolism. The results indicate that TFAs at this dietary level may have no adverse metabolic effects on healthy young Japanese.
TFAs are unsaturated fatty acids with at least one non-conjugated double bond in the trans configuration. Margarine and shortening made from partially hydrogenated oil contain various amounts of TFAs. 1) Numerous human studies in the United States and Europe have shown that TFAs at a dietary level above 4-6% energy (%E) increased blood LDL-cholesterol and reduced HDL-cholesterol. [2] [3] [4] However, the average TFA intake by the Japanese has been estimated to be approximately 0.3-0.8% of energy, [5] [6] [7] and studies examining the effect of a relatively low dietary level of TFAs are limited. 8) It is thus difficult to estimate at present how TFAs influence the serum cholesterol levels of the Japanese. 8) The purpose of the present study is to examine influence of 0.6% energy TFAs, the upper intake level of the average Japanese, on serum lipid concentrations in healthy young Japanese subjects.
The protocol of this study was approved by the Ethical Review Board of Toyama College, and the study was performed in accordance with the Helsinki Declaration. Informed consent was obtained from all the participants who were 3 men and 10 women (aged 20-28y, average of 22:8 AE 3:0y). All of the subjects were generally healthy and had no history of dyslipidemia or diabetes, although one subject was excluded from the final data analysis for personal reasons. Table 1 shows the characteristics of the subjects. A dietary survey was conducted for 3 consecutive days (one holiday and two weekdays), using a written dietary record and a photographic record with scale card. The daily intake of energy and nutrients was calculated by dietitians, using commercially available software (Excel Eiyo-Kun ver. 4.0, Kenpakusha, Tokyo) and data from the Basal Report of Evaluation of TFAs in Food. 5) A randomized, double-blind, crossover trial with two treatment periods of 4 weeks each was adopted in the present study, and a 12-week washout period was set between each experimental period. The subjects each consumed one cookie containing rapeseed oil (control) or partially hydrogenated rapeseed oil (TFA) every day throughout the two treatment periods. Blood samples were collected after each experimental period from the subjects between 8:00 and 9:30 h after overnight fasting. The dietary survey was conducted for 3 consecutive days in the third week. Rapeseed oil (Nisshin OilliO Group) contained 63.5% oleic, 18.8% linoleic and 8.2% linolenic acids, and partially hydrogenated rapeseed oil (Yokozeki Oil & Fat Industries Co.) contained 44.2% oleic, 11.2% stearic, 0.9% linoleic, 0.9% linolenic and 34.5% trans-octadecenoic acids. The respective amounts of energy, protein, fat and carbohydrate in both cookies were 88 kcal, 0.9 g, 3.3 g and 13.4 g per cookie. The control and TFA cookies respectively contained 0.04 g and 1.13 g of TFAs. BML Co. (Tokyo, Japan) performed measurements of the serum lipids, plasma glucose, serum insulin, blood hemoglobin A1c and serum C-reactive protein. Analyses of the serum lipids (enzymatic methods) and C-reactive protein (latex agglutination) were carried out by using a TBA-200FR automated clinical chemistry analyzer (Hitachi, Tokyo, Japan). Serum glucose (enzymatic method) and hemoglobin A1c (HPLC) were respectively measured by using a DM-JACK II diabetes mellitus test analyzer (Sakae, Gunma, Japan) and HLC-723G8 automated glycohemoglobin analyzer (Tosoh, Tokyo, Japan). Serum insulin and Lp(a) (turbidimetric immuno assay) were respectively measured by using an ADVIA Centaur XP chemiluminescent immuno analyzer (Siemens Healthcare Diagnostics, Tokyo, Japan) and JCA-BM8060 automatic analyzer (Jeol, Tokyo, Japan). The serum and erythrocyte lipids were extracted by the method of Folch.
9) The TFA contents were measured by a 2010plus gas chromatograph (Shimadzu, Kyoto, Japan) with a TC-70 capillary column (0:25 mm Â 60 m; GL-Science, Tokyo, Japan) after methylating with boron trifluoride.
10) The standards of fatty acid methyl esters (37-component FAME mix, trans-9-elaidic and trans-11-vaccenic acid methyl esters, and linoleic and linoy To whom correspondence should be addressed. Fax: +81-76-436-0133; E-mail: takeuchi@toyama-c.ac.jp Abbreviation: TFA, trans fatty acid Biosci. Biotechnol. Biochem., 75 (11), [2243] [2244] [2245] 2011 Note lenic acid methyl ester isomer mix) were purchased from Sigma-Aldrich Japan (Tokyo, Japan). The results are expressed as the mean AE SD. The significance of differences between the dietary groups was examined by a paired Student's t test, a p-value <0:05 being considered statistically significant. These statistical calculations were performed with Excel Toukei 2006 software for Windows (SSRI, Tokyo, Japan).
Intervention studies conducted in Europe and the United States have repeatedly demonstrated that an excessive intake of TFAs increased the cholesterol concentration in the blood and the LDL-/HDL-cholesterol ratio. 2, 3) It has also been reported that dietary TFAs increased the blood triacylglycerol and lipoprotein (a) levels. 11, 12) However, no study on the TFA intake by the Japanese has been available, and present study is the first to examine the influence of dietary TFAs on serum lipid concentrations in Japanese subjects, as far as we know. Relatively large amounts of TFAs, 4-10% energy, were administered in a number of the previous investigations, 2) these levels far exceeding those ingested by the Japanese. The present study, therefore, examined the influence of a relatively low dietary level of TFAs on healthy young Japanese subjects. TFAs corresponding to 0.6% energy were given as a TFA cookie during the test period. The mean total TFA intake during the control and TFA test periods was respectively 0.1% and 0.8% energy/d (Table 2 ). There was no significant difference in the serum concentrations of total, LDL-and HDLcholesterol after consumption of the control and TFA diets. No significant difference was also apparent in the triacylglycerol and lipoprotein (a) levels. A comparison of the dietary effects in terms of the percentage change showed that the extent of the change in most of the blood parameters was within 10%, those showing the largest change having a wide deviation. These results suggest little effect, if any, of the 0.6% energy TFA intake on the serum lipid levels of healthy subjects.
Serum cholesterol levels are influenced by both the amount of dietary TFAs and the amount of dietary polyunsaturated fatty acids simultaneously ingested.
2)
The amount of polyunsaturated fatty acids in the TFA cookie (0.21 g) was less than that in the control cookie (0.93 g), the amount necessary to elevate serum cholesterol. However, no significant different was apparent in the serum cholesterol levels between the control and TFA diets.
Some studies have reported an association between the TFA intake and type 2 diabetes, 13, 14) although there is no consistent view about the influence of TFAs on the onset of diabetes. 3, 15) Christiansen et al., 16) using a randomized crossover design, examined the effect of 20% energy TFAs on serum insulin in obese type 2 diabetes patients and found a significant elevation of the postprandial insulin level after consuming the TFA diet. Lovejoy et al. 17) have reported that the consumption of 9% energy TFAs did not affect the serum glucose and insulin levels in their randomized, crossover study. The levels in the present study of plasma glucose, serum insulin and blood hemoglobin A1c after consuming the TFA diet were not significantly different from those from the control diet. These results suggest that a low level of TFA intake may not influence the parameters for glucose metabolism.
Inflammation is an independent risk factor for atherosclerosis, sudden cardiac death, and diabetes. A recent study has indicated that TFAs promoted inflammation.
3) A greater intake of TFAs by women with a high body mass index was associated with the activity of the tumor necrosis factor system and the levels of interleukin-6 and C-reactive protein, both indices of inflammation. 18) Consumption by healthy men of a diet containing 8% energy TFAs for five weeks increased the plasma levels of C-reactive protein and interleukin-6 when compared with oleic acid.
19) The serum C-reactive protein concentration in our study was not significantly different between the TFA diet and the control diet after their consumption, suggesting that the serum C-reactive protein level would be raised only when a large amount of TFAs was consumed.
Sun et al. 20) have demonstrated a positive correlation between the TFA intake and TFA content in erythrocytes. The TFA contents of the serum and erythrocyte lipids were significantly higher after consuming the TFA diet when compared with the control diet in this study ( Table 3 ). The majority of TFAs found in the serum and erythrocytes was trans-octadecenoic acid, with transoctadecadienoic acid as a minor component. TFAs were therefore absorbed and incorporated into the cells, even by the intake of a small amount; however, it is likely that the levels observed in the present study may not have been enough to cause metabolic disorders. Sun et al. 20) have also reported that both the plasma and erythrocyte TFA contents in American woman were less than 2%, although they consumed dietary fat containing 4.7% TFAs, suggesting limited accumulation of TFAs. Our analytical procedure did not permit separating individual positional isomers of trans-octadecenoic acid, an exclusive TFA in the partially hydrogenated rapeseed oil currently employed. However, available information suggests that there may be no distinct difference in the effect on blood cholesterol level among the positional isomers. 21) The crossover study method excluded a participant's background factors, while including a possibility that the effect of the first term examination continued until the examination period of the latter term. The blood data before examination is therefore necessary to confirm whether the influence had disappeared completely by the washout. A washout period of 12 weeks was set in this study to remove this influence as much as possible; however, the number of subjects in this preliminary study, a total of 12, was too small to draw a positive conclusion. Blood data at the start of the examination are therefore necessary to confirm whether the influence had completely disappeared after the washout period, although 4 weeks of washout may be enough to avoid the influence of the preceding diet. Larger-scale studies are required to confirm this. Although our study showed no effect of 0.6% energy TFAs on blood lipids, the data from food surveys indicates that a proportion of the young Japanese is consuming a large amount of TFAs. Studies employing higher dietary levels of TFAs are therefore also necessary. 
